A Gram-stain-negative, aerobic, yellow-pigmented, non-motile, non-spore-forming, rod-shaped bacterial strain, Z29
The genus Chitinophaga, originally described by Sangkhobol & Skerman (1981) , is the type genus of the family Chitinophagaceae, which was recently proposed by Kämpfer et al. (2011) . Kämpfer et al. (2006) reclassified four species, [Flexibacter] sancti, [Flexibacter] filiformis, [Flexibacter] japonensis and [Cytophaga] arvensicola, to the genus Chitinophaga and described a novel species, Chitinophaga skermanii. Species of the genus Chitinophaga have mostly been isolated from roots of different plants such as Arabidopsis thaliana (Lin et al., 2014) and Cymbidium goeringii (Li et al., 2013) , rhizosphere soils and weathered rocks (Wang et al., 2014) . Cells of members of the genus are Gram-negative, nonmotile, non-spore-forming and rod-shaped. At the time of writing, there are 19 species with validly published names in the genus Chitinophaga, including the recently described Chitinophaga jiangningensis (Wang et al., 2014) , Chitinophaga polysaccharea (Han et al., 2014) , Chitinophaga taiwanensis (Lin et al., 2014) and Chitinophaga costaii (Proença et al., 2014) .
Strain Z29
T was isolated while investigating the bacterial diversity on the surfaces of weathered rocks (potassic trachyte) in Nanjing, China. The dilution plating method with a sucrose-mineral salts medium was used to isolate bacterial strains. The medium for isolation contained (per litre): 10.0 g sucrose, 0.5 g yeast extract, 1 g (NH 4 ) 2 SO 4 , 2 g K 2 HPO 4 , 0.5 g MgSO 4 , 0.1 g NaCl, 0.5 g CaCO 3 and 20 g agar. Weathered rock samples were added to flasks containing physiological salt solution (0.85 %, w/v, NaCl) and shaken at 150 r.p.m. for 30 min to allow bacteria to detach from the rock particles. The suspensions were then allowed to stand for about 10 min. Serial 10-fold dilutions of sample suspensions (10 23 -10
25
) were plated onto agar plates to determine total culturable bacteria. The plates were incubated for 3 days at 28 u C. Strain Z29
T was able to weather two silicate minerals, biotite and feldspar, and to release Fe, Si and Al from them. Mineral dissolution experiments showed that the Fe, Si and Al released by strain Z29
T from the minerals were increased by 3-to 76-fold, 1.2-to 5-fold and 7-to 15-fold, respectively, compared with uninoculated controls. The strain was routinely cultured on R2A agar media (0.5 g yeast extract, 0.5 g proteose peptone No. 3, 0.5 g casamino acids, 0.5 g glucose, 0.5 g soluble starch, 0.3 g sodium pyruvate, 0. (20 %, v/v) at 280 u C. Cellular morphology and the presence of flagella were examined by light microscopy (CX21; Olympus) and transmission electron microscopy (H-7650; Hitachi) using exponential-phase cells grown in R2A liquid medium (Huang et al., 2012) . Gram staining was determined as described by Murray et al. (1994) . Cell growth was tested in R2A liquid medium at different temperatures (4, 15, 20, 25, 28, 30, 37, 42 and 45 u C) and at various pH values (pH 4.0-10.0, at intervals of 0.5 pH units), and was assayed after 5 days of incubation. The buffers that were used to adjust the pH of the R2A medium (each at a final concentration of 100 mM) were acetate (for pH 4.0-5.0), phosphate (for pH 6.0-8.0) and Tris (for pH 9.0-10.0). Salt tolerance was tested in R2A broth supplemented with 0-5 % (w/v) NaCl (at 1.0 % intervals) also after 5 days of incubation at 30 u C. Growth on Luria-Bertani (LB) agar (Fautz & Reichenbach, 1980 ). Gliding motility was tested using the hanging drop technique as described by Bernardet et al. (2002) . Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N-dimethyl-p-phenylenediamine dihydrochloride (bioMérieux). Carbon source utilization was determined by using Biolog GN2 MicroPlates as recommended by the manufacturer. Enzyme activities and acid production from different carbohydrates were determined by using API ZYM and API 20NE kits (bioMérieux), respectively, according to the manufacturer's instructions. API 50 CH kits (bioMérieux) with minimal medium were also used to determine the strain's ability to assimilate different carbon sources and to produce acids, again according to the manufacturer's instructions.
Strain Z29
T stained Gram-negative and cells were nonmotile, non-spore-forming and short rods with a length of 2.0-3.0 mm and width of 0.8-1.0 mm (Fig. S1 , available in the online Supplementary Material). Colonies grown on LB and R2A agar for 48 h were circular, smooth and deep yellow. The strain grew well on LB agar, NA agar, TSA and R2A agar, but did not grow on MacConkey agar. In R2A liquid medium, it was able to grow at 4-40 u C (optimum 30 u C), at pH 5.0-10.0 (optimum pH 7.0) and with 0-2 % (w/v) NaCl (optimum 1 %). More specific physiological characteristics of strain Z29
T are given in the species description and a comparison of different characteristics between strain Z29
T and other related type strains is given in Table 1 .
For the comparative analysis of fatty acids, cells of strain Z29
T and other reference strains were harvested from R2A agar plates after incubation for 48 h at 30 u C. Cellular fatty acids were extracted and methylated according to the protocol of Miller (1982) . The fatty acid methyl ester mixtures were separated using the Sherlock Microbial Identification System (MIS) (MIDI), which consisted of a gas chromatograph (6890N; Agilent) fitted with a 5 % phenylmethylsilicone capillary column (0.2 mm625 m), a flame-ionization detector, an automatic sampler (7683A; Agilent) and a computer (Hewlett Packard). The results were compared with the MIDI database (version 6.1) (Sasser, 1990) . Polar lipids of the strain were extracted as described by Minnikin et al. (1984) and separated by two-dimensional TLC on Merck Kieselgel 60-HPTLC plates. Total polar lipids were revealed by spraying with phosphomolybdic acid solution (SigmaAldrich) followed by heating at 150 u C for 10 min, and other plates were sprayed with ninhydrin for aminolipids (Ross et al., 1985) and 1-naphthol spray reagent for glycolipids (Jacin & Mishkin, 1965) . Isoprenoid quinones were extracted and purified as described by Collins et al. (1977) and Tamaoka et al. (1983) and then analysed by HPLC (1100; Agilent) with a Zorbax EclipseXBD-C18.5 column (25064.6 mm). Polyamines were extracted as described by Busse & Auling (1988) . HPLC was used for analysis (Waters) with a Zorbax Eclipse Plus C18 column (1.8 mm, 10062.1 mm i.d.).
The cellular fatty acid profiles of strain Z29
T and the type strains of related species of the genus Chitinophaga are shown in Table 2 . The major cellular fatty acids of strain Z29
T were iso-C 15 : 0 , C 16 : 1 v5c and iso-C 17 : 0 3-OH. C 14 : 0 was not detected in Chitinophaga polysaccharea KACC 17184 T , while iso-C 16 : 0 was detected only in strain Z29 T and Chitinophaga polysaccharea KACC 17184 T and Chitinophaga arvensicola JCM 2836 T . Furthermore, C 18 : 1 v9c and cyclo-C 19 : 0 v8c were only detected in strain Z29
T and Chitinophaga polysaccharea KACC 17184 T , respectively (Table 2) . Strain Z29
T exhibited a polar lipid profile consisting of phosphatidylethanolamine as the major component, together with three unknown aminolipids, two unknown phospholipids and four unknown lipids (Fig. S2 ). Although strain Z29
T shared components with Chitinophaga polysaccharea KACC 17184 T , unknown aminophospholipids were detected only in Chitinophaga polysaccharea KACC 17184 T but not in strain Z29 T (Fig.  S2) . The respiratory quinone detected in strain Z29
T was menaquinone 7 (MK-7). The respiratory quinones of Chitinophaga arvensicola JCM 2836 T were MK-7 (61.5 %) and MK-7(H4) (38.5 %). Homospermidine was the major polyamine detected in strain Z29
T and in Chitinophaga polysaccharea KACC 17184 T , while spermidine and putrescine were the minor polyamines (,1 %) detected in strain
Z29
T and Chitinophaga polysaccharea KACC 17184 T , respectively (Fig. S3) .
The extraction of bacterial genomic DNA was performed using a Qiagen Genomic DNA kit according to the manufacturer's instructions, which was used as the template for amplifying the 16S rRNA gene. Sequencing of the 16S rRNA gene was performed as described by Timke et al. (2005) using universal primers (27F and 1492R) (Lane, 1991) on an ABI 3730 sequencer (Invitrogen). Phylogenetic analysis was performed using MEGA5 software (Tamura et al., 2011) and three different methods were used to reconstruct phylogenetic trees by bootstrap analyses (Felsenstein, 1985) after 1000 replications: the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) algorithms. The algorithm of Kimura's two-parameter model (Kimura, 1983 ) was used to calculate evolutionary distance matrices for the neighbour-joining method. The neighbour-joining tree is shown in Fig. 1 and the minimum-likelihood and maximumparsimony trees are available as Figs S4 and S5. The DNA G+C content of strain Z29
T was determined by the thermal denaturation method (Marmur & Doty, 1962) 
15441
T were determined using a UV/VIS spectrophotometer (UV1201; Rayleigh) as described by De Ley et al. (1970) .
A total of 1449 bp of the 16S rRNA gene of strain Z29 T was sequenced. The sequence was subjected to similarity searches using the NCBI BLAST program (http://www.ncbi. nlm.nih.gov), Ribosomal Database Project II (http://rdp. cme.msu.edu/) and the EzBioCloud server (EzTaxon-e database; Kim et al., 2012) . The 16S rRNA gene sequence of strain Z29
T was aligned with the published sequences of closely related type strains using CLUSTAL W version 2.0 software (Thompson et al., 1997 The genomic DNA G+C content of strain Z29 T was 51.3 mol%, which was close to that found for other species of the genus Chitinophaga. DNA-DNA hybridization studies showed relatively low relatedness values between strain Z29
T and Chitinophaga polysaccharea KACC 17184 T (14.8 %), Chitinophaga arvensicola JCM 2836 T (24.4 %), Chitinophaga ginsengisegetis LMG 23601 T (29.8 %) and Chitinophaga niastensis JCM 15441 T (14.6 %). All of the values were significantly lower than 70 %, the threshold value recommended for the assignment of genomic species (Wayne et al., 1987) . These results indicated that strain Z29
T represents a novel species of the genus Chitinophaga.
Phylogenetic analysis, enzyme activities and differences in other physiological and biochemical characteristics (Table  1) together with the fatty acid profile (Table 2) clearly distinguish strain Z29 T from closely related species of the genus Chitinophaga. Thus, on the basis of the data presented, we suggest that strain Z29
T represents a novel species of the genus Chitinophaga, for which the name Chitinophaga longshanensis sp. nov. is proposed.
Description of Chitinophaga longshanensis sp. nov.
Chitinophaga longshanensis (long.shan.en9sis. N.L. fem. adj. longshanensis referring to Xiao Longshan district, Nanjing, Jiangsu Province, PR China, where the type strain was isolated).
Cells are Gram-stain-negative, aerobic, non-motile, nonspore-forming rods with a length of 2.0-3.0 mm and width of 0.8-1.0 mm after 20 h of culture on R2A agar. Colonies grown on R2A agar are yellow, circular, slightly convex and sticky. Growth occurs at 4-40 u C and at pH 5.0-10.0, but grows slowly at 4 u C, with optimal growth at 30 u C, at pH 7.0 and with 1 % (w/v) NaCl. Oxidase-and catalasepositive. The major fatty acids (¢10 % of total) are iso-C 15 : 0 , C 16 : 1 v5c and iso-C 17 : 0 3-OH. The polar lipid profile contains phosphatidylethanolamine, unknown aminolipids, unknown phospholipids and unknown lipids. The predominant quinone is MK-7 and the major polyamine is homospermidine. According to the Biolog GN2 system, the following carbon sources are oxidized: dextrin, The type strain, Z29 T (5CCTCC AB 2014066 T 5LMG 28237 T ), was isolated from the surfaces of weathered rock in Longshan (Nanjing, China). The DNA G+C content of the type strain is 51.3 mol%. Chitinophaga taiwanensis CC-ALB-1 T (KC479802)
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Chitinophaga longshanensis Z29 T (KJ579707) Fig. 1 . Rooted neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the position of strain Z29 T and species of the genus Chitinophaga. Bootstrap values (expressed as percentages of 1000 replications) only over 50 % are given at branch points. Filled circles at nodes show generic branches that were also recovered by using the maximum-likelihood and maximum-parsimony algorithms. Bar, 0.01 substitutions per nucleotide position.
